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(54) Dynamoelectric gear 

(57) The invention relates to a electro dynamic gear 
with a driving and a driven shaft. Both shafts are bound 
with two around each other free revolving rotors, inside 
a fixed stator. One rotor is provided with a rotary cun-ent 
winding the other is constructed as a squirrel cage. The 
stator is provided with a plural rotary current winding. 
The rotor- and statorwindings are mutually connected 
by plural three-phase inverters. The gear and the Invert- 
ers are tuned to each other to equal the power density 
and the efficiency of one electrical rotary current ma- 
chine. 

The purpose of the electro dynamic gear is trans- 
mitting of constant speed of revolutions to adjustable - 
and reversable speed of revolutions, and with this trans- 
mission to be able to transmit together with mechanical 
-,also electrical power; so to say hybrid power. 
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Description 

[0001] The invention concerns an electro dynamic gear between a driving and a driven shaft, by which the one shaft 
is provided with a rotary current rotor and the other one with a hollow interrotor, which fits free revolving around the 
5 rotary current rotor and free revolving within a fixed rotary current stator and by which means have been provided to 
transmit electrical power from the rotary current rotor to the rotary current stator or reverse. 

[0002] Similar gears or transmissions are known from the Dutch patent 1 03835, the European document EP 0 866 

544 A2 fig. 40, the United States patent 3,683,249 and the United States Patent 3,789,281 ; figures 7 and 8. 
[0003] With these known transmissions the interrotor is of solid construction of ferro-magnetic material and in- and 
10 outwards, to both airgaps provided with windings; and may too conduct magnetism tangentially. The moment of inertia 
of the interrotor therefore is high; the magnetizing of the applied three-phase windings reiativeiy low;andthe efficiency 
of the transmission low, 

[0004] Such transmissions are applied where input power at constant speed of revolutions has to be transmitted at 
variable speed of revolutions. 

15 [0005] The invention seeks to provide such a transmission with the equal specific power-density and the equal effi- 
ciency of one electric rotary current machine with a stator, and a rotor. 

[0006] In accordance with the invention this aim can be accomplished in that the interrotor is constructed with as 
thin a wall as constructive rules permit, added to this only conducts magnetic flux between the stator and the rotary 
current rotor in radial direction, the rotonwinding is connected via three sHprings with one of, at least three three-phase 
20 Inverters being connected in parallel, and with that the remaining three-phase inverters are connected to the three- 

fase windings, at least two of the stator. 

[0007] The rotary current rotor, the interrotor and the stator of a electro dynamic gear in accordance wrth the invention 
can be dimensioned, designed, in regard to numbers of poles, length and diameter relations, in accordance with gen- 
erally approved rules as with common electric machines. 
25 [0008] The interrotor of the gear in accordance with the invention is a cylindrical squirrelcage, short circuit winding 
type, where the part, that conducts the magnetic flux between the rotor and the stator radially, is made up of bars, 
chiefly parallel to the length center line, which seen into tangential sense alternately conduct electrical current and then 
magnetic flux; which are mutually mold together, as well as to the electrical current conducting short circuit rings, 
eventually with a joint metal. 

30 [0009] The interrotor of the gear In accordance to the invention may also be made up of pemnanent magnets, whether 
or not within a squirrel cage, mutually glued, eventually enclosed by a thin cylinder or bandage of paramagnetic material. 
[0010] The stator winding of the gear in accordance to the Invention, is made up by at least two three-phase windings, 
which three-phase windings are made up such, that they have a mutual phase difference of sixty degrees divided by 
the number of three-phase windings. 

35 [0011] The inverters connected in parallel of the gear in accordance to the invention are made up each of a three- 
phase bridge of gate insulated bipolar transistors, called IGBTs, or Darlington transistors; as where each transistor Is 
connected anti-parallel to a diode. 

[0012] It is observed, that a request for grant has been made for a similar transmission under application number 
EP 96 10 1275.4 See also EP 0 726 474 A1 . This transmission is also made up with a solid interrotor, which towards 
40 both air gaps is provided with windings or with pemnanent magnets. 

[0013] The invention will be described by way of an example with reference to the following figures: 

Figure 1 illustrates a longitudinal section of an electro dynamic gear In accordance with the invention, 
Figure 2 illustrates a wiring diagram of the rotor- and statorwindings of an electro dynamic gear in accordance with 
45 the Invention, of which two three phase statorwindings have a mutual phase difference of thirty degrees, with three 

inverters having their direct current connections in parallel, with no further specified pulse wave modulators, called 
PWM. 

Figure 3 Illustrates a wiring diagram in accordance with fig. 2 with electric currents and IGBT's at a tuned in current. 
Figure 4 illustrates schematically pulse width's of control voltages, time lapse's and switch moments on IGBTs, in 
50 degrees angular speed, in accordance with figures 5, 7, 9, 13 and 15. 

Figure 5 Illustrates a wiring diagram In accordance with fig. 2 with electric currents and IGBTs at a different tuned 

In current, 

Figure 6 illustrates a vector diagram of magneto motohal forces and the magnetic flux at the different tuned in 
current of fig. 5, 

55 Figure 7 illustrates a wiring diagram in accordance with fig. 2 with electric currents and IGBT's at another different 

tuned in current, 

Figure 8 illustrates a vector diagram of magneto motorial forces and the magnetic flux at the another different tuned 
in current of fig. 7, 
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Figure 9 illustrates a wiring diagram in accordance with fig. 2, with electric currents and IGBT's at a tuned in current 
different f ronn the currents In accordance with figures 3, 5, 6, 7 and 8, 

Figure 10 Illustrates a vector diagram of nnagneto nnotorial forces and the magnetic flux at a tuned in current in 
accordance with fig. 9= 

5 Figure 11 illustrates a vector diagram of magneto motorial forces and the magnetic flux at a tuned in electrical 

current, in accordance with fig, 8, 

Figure 12 illustrates a vector diagram of magneto motorial forces and the magnetic flux at a tuned in current In 

accordance with fig. 10, 

Figure 1 3 illustrates a wiring diagram in accordance with fig. 2, with a no further specified direct current source B, 
to with electrical currents and IGBTs at a tuned in current, with interrotor 7 being driven and rotor 12 driving; of an 

electro dynamic gear in accordance with fig. 1 , 

Figure 14 illustrates a vector diagram of magneto motorial forces and the magnetic flux at a tuned in current in 

accordance with fig. 13, 

Figure 15 illustrates a wiring diagram according with fig. 13 with electrical currents and IGBTs at another tuned 

15 in current, 

Figure 1 6 illustrates a vector diagram of magneto motorial forces and the magnetic flux at another tuned current 
In accordance with fig. 15, 

Figure 1 7 illustrates schematically an application of a vehicle drive system with an electro dynamic gear In accord- 
ance with fig. 1 . 
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[0014] The electro dynamic gear 1 , as illustrated in fig. 1 has a fixed stator 2, made up of dynamo sheets 3, with 
slots 4, in which two three-phase windings 5 and 6 have been mounted. Inside the stator 2 is the Interrotor 7 fixed at 
the shaft 8. The interrotor consists of magnetic conducting bars 9, which are brazed or mold with electrical current 
conducting bars 10, and with the electrical current conducting rings 11 . Within the interrotor 7 is the rotor 12 fixed at 
^the shaft 13, which rotor 12 consists of dynamo sheets 14, with slots 15, where-in a three-phase winding 16 has been 
mounted, which is connected, electrically to three sllprings 1 7. Both rotors 7 and 1 2 can rotate freely to each other and 
to the stator 2. Fast mounted brushes 18 contact the sllprings 17, 

[0015] In the circuit diagram as illustrated in fig.2, the brushes 18 are connected to the three-phase bridge inverter 
18a, which is made up of IGBTs 20, antiparallet with diodes 19. and IGBTs 21 , antiparailel with diodes 29. The three 
30 phases are indicated with r, s and t. 

[0016] The statonwinding 5 Is connected to the three-phase bridge inverter 5a, made up of IGBTs 23, antiparailel 
with diodes 22, and IGBTs 24, antiparailel with diodes 28. The three phases are indicated as u, v and w. 
[0017] The statorwinding 6 is connected to the three-phase bridge inverter 6a, made up of IGBTs 26, antiparailel 
with diodes 25, and IGBTs 27, antiparailel with diodes 30. The three phases are indicated as x, y and z. With an electro 
dynamic gear 1 , as illustrated in fig. 1 , all phases r, s, t, u, v, w, x, y and z have the equal number of -coil- windings. 
^[0018] Operation now will be explained by the example, that the phases u and v of statonrt^inding 5 are connected 
to rotorwinding 1 6, If by PWM control voltage IGBT 23u and IGBT 24v both can transmit current. When the rotor 1 2 is 
mechanically driven by a prime mover, slight electro motorial force will be induced in the rotorwinding 16, due to re- 
manent magnetism slightly present in a magnetic circuit This electro motorial force, E.M.F., will build up a slight three 
40 phase voltage in winding 1 6, via sliprings 1 7 and brushes 1 8 to the diodes 1 9 and 29, and by them a slight D.C. voltage 
over the series connected IGBT 23u, the fase u of winding 5, the fase v of winding 5 and the IGBT 24v. This D.C. 
voltage gives rise to a slight direct current In the phases u and v of winding 5, that makes the E.M.F. of winding 16 to 
increase. Just like with any electric machine, that magnetizeses itsselt, electric current and magnetic flux will build up, 
which can be controlled by controlling 1GBT23U with modulated voltage and lGBT24with continuous voltage, achopper 
4s Circuit with diode 28u free wheeling current. 

[0019] In fig. 3 with this explanation, current pulses are illustrated as broken lines; i-,6 — — — ' and continuous 

current as drawn, thick lines; ig ' r by means of a modulated control voltage applied to IGBT 23u, as 

blocks like JUT.* 

[0020] The above explanation is also appropriate, by for instance controlling IGBT 26x with modulated voltage and 
50 IGBT 27y continuously, with diode 30x free wheeling. Or for example IGBT 21 1 with modulated voltage and IGBT 21 r 

continuously, with diode 29t free-wheeling. 

[0021] When or if the rotor 12 is driven, so to say rotates with regard to the stator 2, the electro dynamic gear will 
magnetize Itsself . When the interrotor 7 is driven the electrodynamic gear will magnetize itsself if the rotor 1 2 rotates. 
[0022] The electro dynamic gear magnetizes itsself when the PWM's control cycle-wise with phase difference of 30 
55 degrees, in sequence the IGBTs 26x, 23u, 27z, 24w, 26y, 23v, 27x, 24u, 26z, 23w, 27y and 24v, by which the control 
cycle on each IGBT will be less than 180 degrees to the 360 degrees of electric angular speed, and by which per 
phase-current one IGBT will be controlled with shorter pulses than controlled to the other IGBT; in this case, magnetizes 
with rotary current. 
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[0023] Fig. 4 illustrates short puises, small relative pulsewith as JUUUL ^ and longer pulses, more relative pulsewlth 
as J L' as being controlled by PWM to IGBT 

[0024] Operation of the electro dynamic gear will be explained with rotary current in clockwise direction, the rotor 12 
being driven by a prime mover with angular speed co-i2 clockwise, with PWM controlled angular speed clockwise co^, 
5 in which case of explanation cog is less than 00^2 divided by two, 

[0025] Fig. 4 illustrates, that for instance at point of time at 60 degrees, IGBTs 26x, 23u and 23w get small relative 
pulsewidth from -,and IGBPs 27y and 24v get more relative pulsewith control from the PWM. 

[0026] See fig. 5. In the windings 16 of the driven rotor 12 E.M.F. will be induced, that give rise to electrical currents 
via the sliprings 17, the brushes 18, the diodes 19r and 29t, the IGBTs 26x and 27y, the IGBPs 23u,23w and 24v In 
10 the phases x, y, u, v and w of the statorwindlngs respectively 6 and 5, and in the diodes 30x,28u and 28w; at the point 
of time 60 degrees from fig. 4. These electrical currents, i^ and iy, iy, i^ and 1^ In the windings 6 and 5 cause magneto 
motorial forces respectively AWg and AW5; as i^ and also do in the rotorwinding 16 AW^q. 

[0027] PWM control as illustrated in fig. 4, as so illustrated in fig. 6 cause phase differences between fi^N^x^^y and 
AWg )c>y. also between AW6.x>y and AW5 u^^; of 30^, all rotating at cog . 
15 [0028] The squirrel cage winding,as illustrated in fig.1 ;bars1 0 and rings 11 of the Interrotor 7, will induce E.M.F. in 
case of a rotating magnetic flux, giving rise to the current i^, which causes AW|^, pushing the Interrotor 7 to rotate the 

same angular direction. 

[0029] The magneto motorial forces AWg, AW5, AW^e and AW^ result in -vector- AWr^s- 

[0030] As illustrated in fig. 6 AWres causes the magnetic flux 0, that rotates clockwise at angular speed coq, as given 
20 by the PWM. 

[0031] The magnetic flux 0 induces the E.M.F's as been explained from page 6 line 21 . 

[0032] If the interrotor 7 drives a mechanical load via the shaft 8, a certain value of the current and also of AWj^ 
will rise, sufficient to carry on the torque, that will drive this load. This value of ij^ and AWj^ will give rise to certain value's 
of AWg, AW5 and AW^g. See fig.4 : There is a ratio of controlled pulsewidth modulation to the IGBTs 26x and - 23u, 
25 as to the modulation to IGBTs 27y and -24v; shorter-as to longer pulses, which ratio reproduces into the value of AW^e 
as to the value's of AW3 and AW5. 

[0033] The stator 2 and the rotor 12 both carry a certain torque value on the interrotor 7; value that is proportionate 
to respectively the magneto motorial forces AWg multiplied by cos. <Pq and AW5 - by cos. 95, and AW.|q, all three together 
multiplied by the magnetic flux 0, as Illustrated in fig. 6. No mechanical load on the interrotor corresponds with the 
30 mean value of <p 5 and 95 is in principle 90**. The electro dynamic gear then magnetizes itsself. 

[0034] Pulse width control on IGBTs 26x and -23u , with regard to the same on IGBTs 27y and -24v, controls 
currents and angular speed 00-12 with regard to CO7 up to coy Is half 0.12. 

[0035] If the angular speed coy is higher than half <»12, current control is, by PWM-control of the IGBTs 21 r, 21 s and 
21 1 of the inverter 1 8a, as illustrated in figures 7 and 4 ; by which then all IGBTs 26, 23, 27 and 24 are being controlled 
35 the same way, by basic frequency (o^ to the inverters 6a and -5a. 

[0036] The PWM, that controls the inverter 18a modulates on the rotary voltage, as input, from the phases r, s and 
t. If the angular speed (O12 is higher than o)^, the magnetic flux 0 rotates anti-clockwise in regard to the rotor 12, as 
illustrated in fig. 4 angular time moving from 360* to the right to 0**. 

The angular speed of input to the PWM rotary voltage from the phases r, s and t reverses at CO7 plus or minus its small 
40 slip angular speed, like of any rotary current asynchronous electrical machine.is equal to (0^2 ' somewhere about 0)7 

[0037] Fig. 7 illustrates IGBT 21 r being PWM controlled, as illustrated in fig. 4 at 270** angular time.with pulse mod- 
ulations. These may give rise to pulsating currents i^^ iy. iy, iw 'r 't^ ^"cl moreover, while the phases r and t are 
also pulse short circuited to electrical currents ii6.k» which give rise to the magneto motorial force AW^q ^. The electrical 

45 currents ip it and i^e.k together form an uninterrupted current in the phases r and t. For reason of explanation these 
currents are described and illustrated separately. Small pulsewidth control voltage applied to the IGBT 21 r gives a 
small value of the electrical current , also of the magneto motorial force AW^g by which the sum of magneto 
motorial forces AW.^^ ^ + AW^ q , the latter being given rise to by i^ and i^, is increased being compared with AW5 + AWg. 
More extended pulsewidth's to this IGBT gives more rise to the magneto motorial force AW^g Principally at 270* 

50 angular time - see line 6 of this page - 1 00% pulsewidth of control voltage applied to IGBT 21 r makes \^ = i^ = AW5 - 
AWq = 0. To keep up the magneto motorial force AWres ^^^^ angular time with this 1 00% pulsewidth,or nearly 1 00% 
the IGBT 20t is controlled by PWM voltage of small pulsewidth. With a control situation from above at 270** angular 
time. fig. 7 passes into fig.'s 9 and 10. 

[0038] See page 7, line 1 8; with a ratio of proportion - electric machine ratio - being c,, the torque being exercised 
55 by the stator 2 upon the Interrotor 7 is : 

= c.^ X ^ (AW5 x cos <|>g 4- AWg x cos 9e) 



4 



BNSDOCID: <EP 11 54551 A2J_> 



BP 1 154 551 A2 



[0039] With a control situation as above at 270^ angular time this torque is : 

M2 = 0, because AW5 x cos 95+ AWg x cos (pg = 0 

5 

[0040] With this same situation the torque exercised upon the interrotor 7 by the rotor 1 2 is : 

- ci X ( AW16 + AW^e k> X <5res = ^7 . AW^e « 0. 

10 

[0041] In the wiring diagram and the vector diagram illustrated in fig/s 9 and 10, the Interrotor angular speed Wj 
equals or exceeds the rotor angular speed <»^2- '^^^ stater 2 operates as a" generator, by what < 0, as the rotor 12 
functions as motor with cores><*>i2- '^^^ sequence of rotary voltage input to the PWM is r - s - 1. cdy may beconne much 
more than (O12, with pulse modulation of the PWM control voltage to IGBT 20r at the angular time described above, as 

15 to IGBT's 20s and - 20t as illustrated in fig. 4 at different times, going up to 1 00%. 

[0042] Electro dynamic machines in combination with power electronics may show non unanimous angular speed 
of magneto motorial forces. As with rotor 12 of the electro dynamic.gear 1 the magneto motorial force AW^g illustrated 
by AW16 as pointed out in thefig.'s 6, 8, 10,14 and 16. in reality rotates at average angular speed (o^res- by over and 
over again principally 60** time rotating at to-,2 angular speed of the rotor 12, then changing to o)0res' ^^^^ changing 

20 to a>i2' ^tc- because of the electrical current pattern in the windings 16 changing at every 60** in time. This gives rise 
to non uniform rotational speed of the magneto motorial forces AW^g magnetic flux 0res' that make higher 

harmonic current losses and less specific power capacity. 

[0043] The electro dynamic gear according to the invention seeks to provide against these losses, to improve effi- 
ciency by mounting the statonwindings 5 and 6 with a spatial difference of 30°, and having these windings connected 

25 in parallel via the inverters 5a and 6a. 

[0044] According to LENZ' law a change of electrical current i-,Q may give rise to a secondary current that counteracts 
this change. This counteracting current may rise If there will be the adequate circuit for it. Fig. 11 illustrates the vectors 
AVJ^Q and AW^g.k ^'9- ^ ^"^1 fig. 1 2 illustrates the vectors AW^q of fig. 1 0. Both figures 1 1 and 12 show angularspeeds 
changing 60°. In both these figures is Illustrated the change overof the vector AW^^s between AWr^s AW(q^3 eo*: 

30 by vague broken line arrows indicated AWr^s. Illustrated in these figures 11 and 12 is AWA, the magneto motorial 
force being given rise by electrical currents opposing the change over of AWres« which currents develop from a chang- 
ing current pattern in the windings 5 and 6, because these windings are connected In parallel via the inverters 5a and 6a. 
[0045] As illustrated In fig. 11 the vectors AW-jq and AW-jg change over clockwise and the vector AWp^g changes, 
also decreases to *. To LENZ' law electrical currents may develop in the circuit winding 6, phase x and y, diode 25y, 

35 IGBT's 23u, 24v and 23w, diode 30x, and winding 5 phases u and v; which may give rise to the magneto motorial forces : 

-^AWg u^v'^AWg^^y andAAWg^^y. 

I 40 With mutual relations : 

AAW5 4. AAWs.^^ = AAWg^^^y. 
43 and the opposing magneto motoriaf force : 

AWA^^AAWg ^.^y+AAWg^^^ + AAWg^y 

50 [0046] Also Illustrated in fig. 1 1 these vectors AW^g ^^id AW^q change over anti clockwise, with the vector AWres 

changing and increasing to *. As explained above an opposing magneto motorial force may develop in the circuit 
winding 5, phases u and w, diode 22w, IGBTs 26x and 27y, winding 6, phases x and y and diode 28u; A AW5 ^ 
AAWg xy. with relationship. 

AAW5.,^=AAW6,y; 
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AW A -AAWg y^ + AAW6.xy. 

[0047] In the illustrations 11 and 12 tlie + or - next to means that the opposing force increases or decreases the 

5 effect of change-overs. 

[00481 Illustration 11 relates to the stator 2 of the electro dynamic gear 1 , functioning as electric motor. 
[0049] Illustration 12 relates to the same as electric generator. See fig.12: the vector AW^g changes over clockwise 
and the vector AWp^g changes, also decreases to As explained above an opposing magneto motorial force may 
develop in the circuit winding 5, phases w and u, diode 22u, IGBT 26x, winding 6, phases x and y, IGBT 27y and diode 

10 28w; A AW5.U w and A AWg ^ y with relationship A AWg ^ ^ = A AWq ^ y ; 

AW A''-AAWg y^ +AAW6,xy. 

15 [0050] Also illustrated in fig. 12 the vector AW^g changes over anti clockwise, with vector AWreq changing and 
increasing to*. As explained above an opposing magneto motorial force may develop in the circuit winding 5, phases 
V and w, diode 22w, IGBT 26x, winding 6, phases x and z, IGBT 27z and diode 28v; A AWg ^^^ and A AWqj,^. with 
relationship, 

AAW5.,^ = AAWs,^; 



AW A" = AAW5 ^ ^ + A AWs,3, 2. 

25 

[0051] The effect, based on LENZ' law of compensating currents takes place between the inverters 5a and 6a, the 
currents being via controlled IGBT's of one Inverter and via diodes of the other inverter; their distribution depends of, 
is given rise to, the electro motorial forces, being induced by the electrical currents conform to LENZ'law. 
[0052] The working method of an electro dynamic gear in accordance with fig, 1 can be reversed. The driven shaft 

30 by a prime mover then is shaft 8 of the interrotor 7, the mechanically driving shaft is then shaft 1 3 of the rotor 12, Shaft 
8 being driven makes shaft 13 transmitting power with variable angular speed o>i2- The angular shaft speed CO7 of the 
shaft 8 of the Interrotor 7 deternnines principally the angular speed of the magnetic flux vector (Hq , which is a>7 plus or 
minus the electrical slip that gives rise to the electrical current \^ in the squir-cage winding 1 0 and 11 . The PWM con- 
trolling both inverters 5a and 6a receives its rotary voltage inputs by the electro motorial forces being induced In the 

35 stator windings 5 and 6 with the angular speed Og. This PWM (•s)controlling, with phase sequence and pulse duration 
is explained at page 7, line 28 up to line 33, however identically (un)modulated to all IGBTs of the inverters 5a and 
6a. The IGBT's of the inverter 1 8a are modulated PWM voltage controlled, as explained at page 7 , line 33 up to page 
8 , line 4 . See also fig. 4. 

[0053] With the explained reversed working method controlled angular speed co^g ^*^® ^^^^^ 12 is to be obtained 
40 by way of modulated PWM voltage to the IGBTs of inverter 1 8a. The working method as like it has been explained at 
page8,rtnes 5,10 and 20; however now the interrotor 7 being driven with angular speed 0)7 higher than the speed (0^2 
of the rotor 12. If 0)7 > the angular speed io^2 relative to coy, can be controlled-tuned in - by controlling the IGBTs 
of inverter 1 8a with voltage modulations. 

[0054] Fig. 13 illustrates a wiring diagram in accordance with fig, 2 with electrical currents and IGBTs at a tuned in 
45 current. Fig. 14 illustrates the vectors of magneto motorial forces and magnetic flux in accordance with the tuned in 
value of fig, 13. An increase of modulation of voltage to IGBT21t gives increase of the short circuit current \^q ^. When 
the sum of the electrical cun^ents and i^g ^ with AW^q and AW^q ^ principally remains equal, then the currents i^© 
with magneto motorial forces A\N^q, and also respectively is and ig with AW5 and AWg decrease simultanuously with 
increase of iig j^. 

50 [0055] The torque M^g transmitted by the rotor 1 2 to the shaft 1 3 is the sum of the by the interrotor 7 from the shaft 
8 magnetically transmitted torque plus the by the stator 2 magnetically transmitted torque, My + M2, both by the magnetic 
flux 0, being given rise to by the magneto motorial forces AW^^, AW^g j^, AWg AWq and AW^^, The relationship between 
them is: 

M ^2 = ^1 ^ ^ ®RES ^1 ^ ( AW5XCOS<|>5+AWgXCOS9g)X 0 , 



and 
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[0056] If AW5, AWq and AW-,6 approach to 0 or nearly to 0 by 100% or nearly 100% short circuit effect-given rise 
5 through !GBT 21 1, magnetising the electro dynamic gear 1 may be maintained by, for instance control -by the PWM- 
IGBT20S with small pulsewidth modulation, 

[00571 With control voltage modulations of IGBT 21t < 1 00% and the same of IGBT 20s s: 0%, both cos 95 0 and 
cos <P5=:0, and the torque values M7 for the interrotor 7 and M^g ^^r the rotor 12 principally equal; Wi^2-^h'- 
angular speeds ©^2^ <^7- ^"he currents Illustrated in fig. 13 pass into the currents illustrated in fig. 15; the vectors 
10 illustrated in fig. 1 4 pass into the one's of fig. 1 6; both IHustrate an angular turn of angular speed of SC* by choice of 
IGBT 20s for explanation. See line 17 of this page. 

[0058] Fig. 13 and fig. 15 both illustrate a no further specified direct current voltage source B, that may give rise to 
the magnetising current in th electro dynamic gear. This direct current voltage source may be either discharged or 
charged by the electro dynamic gear according to the invention. 

15 [0059] If the pulsewidth modulation of PWM control voltage to IGBT 20s increase, from almost 0% up to nearly 1 00%, 
principally the angular speed 00^2 ^^e rotor 12 becomes higher than (O7 of the interrotor 7. Fig. 16 illustrates a wiring 
diagram according to fig. 2, with a tuned In current, given rise by pulse-modulating control voltage to IGBT 20s at 
modulations between 0% and 100% - 0%<1 00% and with 100% modulations to both IGBT's 21 1 and 21 r, with fig. 16 
illustrating a vectordiagram according to fig. 15. The stator 2 functions as electrical generator, by which the In the 

20 windings 5 and 6 being induced electro motoric forces give rise via the diodes 25 and 27 of inverter 6a and via the 
diodes 22 and 28 of inverter 5a, via the IGBTs 20s, 21 r and 21t, via the brushes 1 8 and the sliprings 1 7 of electrical 
currents in the windings 1 6 of the rotor 1 2. Because of the less modulation of PWM voltage control to the IGBT 20s. 
compared to those being controlled to the IGBT's 21 r and 21t these mentioned currents, iig, give rise to the magneto 
motorial forces AW^q s>r ^^d AW^g s>t which point about between 90° and 1 80^ anti clockwise with respect to the in 

25 the rotonwindings 16 Induced electro motorial forces , and E^s, which means that the rotor 12 functions as electrical 
motor. The angular speed co^g of rotor 12 is higher than the same of the interrotor 7; 63^2>^7' with which the torque 
rotor 1 2 carries on to the shaft 1 3 is less, then the torque the inte^otor 7 is driven with by the shaft 8: M7 > M because 
of the relationship; 

Mi2 = ^1 ^ X 0 + Ci X (AW5XC0S + AWeXCOs <|>6) x 0, with cos 95 and cos cpg, both being negative, and My = c^ 
30 xAWkX0. 

[0060] The electro dynamic gear 1 according to the explanation from page 6, line 1 , may also transmit power from 
a driven shaft by a driving shaft with reversed angular speeds. The principle of input of basic rotary voltage to the PWM 
controlling the inverters 5a and 6a is as being explained at page 6, line 5; as to the PWM controlling the Inverter 1 8a, 
as being explained at page 11 line 23-37. With reversed angular speeds control of co^a, the latter, in accordance with 
35 fig. 13, principally is by controlling the IGBTs of the inverters 5a and 6a, as done to inverter 18a, to control g^^ when 
0 < a)i2<co7. The said control of 05i2<0 is illustrated in fig. 4. 

[0061] A second example of an electro dynamic gear in accordance with the invention will be described in what 
follows with reference to the following figures: 

. 40 Fig. 1 8 illustrates a longitudinal section of a second example of an electro dynamic gear according to the Invention, 

Fig. 1 9 illustrates a wiring diagram of the rotor- and state rwin dings of an electro dynamic gear in accordance with 
the invention and in accordance with fig.l 8 , of which with both stator windings two rotary current windings have 
a mutual spatial difference of 30^, connected with four, at direct current connections sides,in parallel connected 
inverters, with no further specified PWM's. 

45 

[0062] The difference between the example of an electro magnetic gear 1 as illustrated in flg.1 and the example of 
an electro magnetic gear 1 .9 as illustrated in fig. 18 , ls,that in place of the three sliprings 17 and the three brushes 18 
- fig, 1 there have been mounted - fig. 18 - on the shaft 13 the rotor 30, and in the stator 2 dynamo sheets 34 with 
slots 35,where-in mounted two rotary current windings 36 and 37. The rotor 30 is made up of dynamo sheets 31 , with 
50 slots 32! in which are mounted the rotary current windings 33. The phases of the windings 33 are a, b and c. The stator 
windings 36 and 37 have respectively the phases r36, S36 and X^q] and rsy, S37 and t^y. 

[0063] The dynamo sheets 34 together form a magnetic stator circuit, in which the rotor 30 can rotate freely, in such 
way that this stator yoke of dynamo sheets 34 with the windings 36 and 37 together with the rotor 30 with the windings 
33 forms an electrical rotary current machine. 
55 [0064] The phases a, b and c of the windings 33 are firmly connected with the phases r, s and t of the windings 16, 
in such way that, if rotary current flows in both windings 33 and 1 6, the magneto motorial force AW33, being given rise 
to by the currents i^, ib and i^, rotates opositely to the magneto motorial force AW^6> ^^eing given rise by the currents 
ir, is and i^ 
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[00651 The rotations of AW33 and AW^q being opposite to each other is the effect of by exannple having connected 
the phases r with b, together with having connected phases s with a, as illustrated in fig. 1 9, 

[0066] The in opposite direction rotating of the magneto motorial force AW33 in regard to the magneto motorial force 
AW^g may also be realized by a short circuit induction cage winding 38, being mounted in the slots 15 of the rotor 12 
5 and the slots 32 of the rotor 30, of which a number of side by sidebars 39, per pole pitch are mounted with a tangential 
change over between the dynamosheets 31 and the dynamosheets 1 5, by which the other side by side bars 40 are 
mainly parallel with the shaft 13, as illustrated in fig. 19. 

[0067] The short circuit cage winding 38 maybe electrically insulated in regard to the rotors30 and 12. 
[0068] The phases rgg. S36 and X^q, and r^-^, S37 and t37 are connected respectively to the inverters 18a and 18b, 
10 whicli are parallel connected, via the direct current connections, with the inverters 5a and 6a, as illustrated in fig. 1 
and fig. 2 with regard to the inverters 5a, 6a and 18a. 
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Claims 



1. Electro dynamic gear between a driving and a driven shaft by which one shaft is provided with a rotary current 
rotor and the other with a hollow interrotor, which both can rotate freely in a fixed rotary current stator and by which 
means have been provided to transmit electrical power between the rotary current rotor and the stator, 
characterised in that the interrotor is constructed with as thin a wall as constructive rules permit, so only conducts 

20 magnetic flux radially, 

2. Electro dynamic gear as claimed in claim 1 , 

cliaracterised in that the interrotor has a squirrel cage type winding, 

25 3, Electro dynamic gear as clainned in claim 1 , 

characterised in that it is subject to constructive rules of one electro dynamic machine, 

4, Electro dynamic gear as claimed in claim 1 , 

characterised in that the stator winding has two or more than two rotary current windings, being connected in 
30 parallel via inverter bridges 

5. Electro dynamic gear as claimed in claim 1 , 

characterised in that power transmission between both shafts Is reversible, 

35 6. Electro dynamic gear as claimed in claim 5, 

characterised In that angular speeds being transmitted can be reversed one another, 

7, Electro dynamic gear as claimed in claim 1 , 

characterised in that speed control is by controlled short circuiting. 

40 

8. Electrodynamic gear as claimed in claim 1 characterised In that a rotary cun^ent machine, its rotor added to the 
rotor and its stator added to the stator transmits electrical power between the rotor and the stator of this electro- 
dynamic gear, 

45 9. Electro dynamic gear as claimed in claim 8 characterised in that the rotor with the added rotor give rise to opposed 
rotating magneto motorial forces by means of one solid phase changing cage winding, 

10. Electro dynamic gear as claimed in claim 1 and claim 8, 

characterised in that variable frequency rotary cun-ent and variable mechanical speed are transmitted with con- 
50 stant rotary input shaft speed. 
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(54) Dynamoelectric gear 

(57) The invention relates to a electro dynamic gear 
with a driving and a driven shaft. Both shafts are bound 
with two around each other free revolving rotors, inside 
a fixed stator. One rotor is provided with a rotary current 
winding the other Is constructed as a squin-el cage. The 
stator is provided with a plural rotary current winding. 
The rotor- and statorwindings are mutually connected 
by plural three-phase inverters. The gear and the invert- 
ers are tuned to each other to equal the power density 
and the efficiency of one electrical rotary current nna- 
chlne. 

The purpose of the electro dynannic gear is trans- 
mitting of constant speed of revolutions to adjustable - 
and reversable speed of revolutions, and with this trans- 
mission to be able to transmit together with mechanical 
-,also electrical power; so to say hybrid power. 
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